Abstract. This paper presents an improved adaptive backstepping control method based on uncertain parameters of ship model to design the ship course controller. The K-class function is introduced into every step of the virtual function design to ensure the stability of the closed-loop system and accelerate the convergence speed of the system state variables. Simulation results show that IAB control method is more superior than the traditional adaptive backstepping control method.
Introduction
Course control is the key of ship movement. Aiming at the problem of ship heading control strategy, many scholars have done a lot of researches in this field. The design of autopilot based on PD and PID is simple and effective, but its effect is not ideal in the real environment [1] . In [2] , a ship autopilot is designed by combining high-order sliding mode control with dynamical sliding mode control. In [3] , the approximation of unknown and uncertain dynamics is achieved by T-S fuzzy system, which guarantees the boundedness of all the signals in the closed-loop system. In [4] , an adaptive control algorithm based on Nussbaum gain is proposed for the course keeping system, which solves the uncertainty of the ship course keeping system and reduces the influence of external interference and simplifies the control law.
The backstepping method has advantages especially in nonlinear problems and has attracted extensive attention in ship motion control. In [5] , an improved brief backstepping controller that replaces heading errors with a nonlinear function is proposed, which has proven to be robust. In [6] , an eigenvalue decomposition adaptive sliding mode controller (SMC) is proposed, which can effectively eliminate the steady-state error and improve the capability of ship course keeping. In [7] , an advanced adaptive observer based ship dynamic positioning backstepping is proposed, and the bias term is used to represent slow-varying disturbances and unmodeled dynamic. In [8] , the backstepping is proposed to design station-keeping controllers of unmanned surface vehicle, and favorable results are obtained in the actual marine control system. In [9] , the backstepping method is also adopted to design controller for under-actuated ships with input saturation, achieving global stability tracking.
This paper takes the model parameters in the ship heading control system will be affected by the environment into account, which results in uncertainty of the model parameters. A new ship course controller is designed by combining the K-class function and the adaptive backstepping method to accelerate the system convergence speed and accurately track the desired course. Finally, the simulation results show that the proposed method has better performance.
Problem Descriptions
The Norrbin nonlinear model is used to describe the relationship between ship's rudder angle ( )  and the rate ( ) r of the course ( )  , which is as follows:
Where T is the time constant;  is the Norrbin coefficient; K is the control gain. In practical, ships are inevitably affected by external ocean disturbances, so there exists parameter uncertainty in the system (1). The equation (1) is rewritten in the following form.
We define 
Where 1 2 1 2 [ , ], 1/ , / , , 1,2
represent control coefficient, environment disturbance, the output of the system (3), the control input respectively. We assume that external disturbance is bounded, that is , 0
Controller Design
An improved adaptive backstepping method is used to design ship's heading controller by adding K-class function in each step of virtual function design. Define the error variable 1 1 d z x    , and its time derivative is
Define error variable 2 2 1 z x    , the formula (4) is rewritten as
The first Lyapunov function is constructed as follows
and its time derivative is
In order to make
,we need to design the virtual control law 1 
The first and second terms on the left-hand side of the formula (9) are negative, and the third term will be considered later.
Constructe the Lyapunov function of the entire system 
The adaptive law is designed as follows
The term 
 
respectively. We obtain specific parameter adaptive law as follows:
Where sgn( )  is the sign function of  . By this method of variable substitution, the singular value phenomenon in the parameter estimation is effectively avoided.
In order to make 2 0 V   , select the entire system control law as follows:
Where 2 k is K-class function, and it is designed as 
Simulation Results
In this section , the effectiveness and superiority of the ship course controller based on the improved algorithm are verified by using MATLAB/SIMULINK. We choose K=0.5, T=97.69, 30 In Figure 1 , it can be clearly seen that the IAB algorithm can accurately track the desired course around at 10s, while the traditional method is around at 50s. In addition, the IAB algorithm has some improvement in the interference suppression. In Figure 2 , the time taken for the rate of the course to stabilize at the equilibrium point is greatly reduced. The controllers designed by the two methods finally make the system stable, but compared with AB control method, the state variables stabilize at the equilibrium point in a shorter time by using the IAB control method, indicating that the IAB control method with K-class functions is effective. Figure 3 -5 respectively represent the estimated values of 1 2 , ,b   ,which can gradually approximate the real value.
Summary
In this paper, the K-class function is applied to the traditional adaptive backstepping control method, this improved method enables the estimation of parameters to track the unknown parameters in real time and accelerate the convergence of the system state variables. The design of virtual control with K class function not only improves the control performance of the controller, but also does not additionally increase the complexity of the design. Simulation tests prove the superiority of the IAB method.
